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ENDOVASCULAR AND SURGICAL TECHNIQUES
A Fenestrated Covered Suprarenal Aortic Stent
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Objective: to address the clinical problem of inadequate neck length of abdominal aortic aneurysms in endoluminal
surgery.
Design: a covered suprarenal aortic stent was designed with a fenestration to preserve blood flow in a targeted renal
artery.
Method and material: a Dacron-covered stent was accurately cut to size with a fenestration according to pre-imaging
studies.
Results: the stent was successfully deployed in canine models, preserving the visceral and renal artery of interest.
Conclusion: by accurately placing a covered stent in the aorta and preserving the blood flow to its branches, it may be
possible to extend the indications for endoluminal aortic aneurysm grafting.
Key Words: Abdominal Aortic Aneurysm; Endovascular deployment; Fenestrated suprarenal covered stent.
Introduction a pre-identified vessel. From in vitro and canine in vivo
studies, we have developed a fenestrated covered stent
Abdominal aortic aneurysms may be excluded from which can be accurately placed in the aorta preserving
visceral and renal blood flow.endoluminal grafting programmes due to an in-
adequate proximal neck length.1 All endoluminal aor-
tic grafts require a minimum length of normal aorta
below the lowest renal artery. This area of the aorta,
Method and Materialsnot involved in the aneurysm, is necessary to provide
anchorage and is used to exclude the aneurysm and Prior to in vivo studies a prototype stent and deliveryprevent migration.2 Suprarenal extensions with un- system3 was designed, and made for work, on a benchcovered stents provide improved anchorage but still model of the aorta. The previously envisaged need forrun the risk of endoleaks, if the neck is unsuitable. the stent to remain highly manoeuvrable on releaseIn theory, a covered suprarenal stent would provide from the sheath was confirmed by these studies.anchorage and a better seal for aortic grafting, making
the infrarenal length of aorta less relevant. The seal Total number of cases: Two
around the renal artery provides anchorage, and the
infrarenal element of the covered stent can be docked
with a full length aortic graft. However, the use of a
Procedure (the procedural steps were the same in bothcovered stent risks the inadvertent occlusion of renal
cases)or visceral arteries.
Our objective was to design a covered aortic stent Pre-imaging of the aorta was undertaken with a spiralwith a fenestration, which could be reliably and ac- contrast CT scan. Particular attention was paid to thecurately placed in the aorta to preserve blood flow to coeliac axis, the cranial mesenteric and renal arteries.
The data was used to reconstruct shaded digital dis-* Please address all correspondence to: T. F. Browne, Dept. of
Surgery, Broomfield Hospital, Chelmsford CM1 7ET, U.K. plays (SDD) of the aorta (Fig. 1). The aorta was further
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combination of these investigations the following data
were measured:
1. The height of the coeliac artery above the cranial
mesenteric artery.
2. The distance from the cranial mesenteric artery to
the right and left renal arteries.
It was also possible to accurately determine the ostial
sizes of the vessels, and with a 360° protractor deter-
mine the exit angle of the target vessel (i.e. the right
renal artery) from the aorta.
Technical difficulties
Both procedures went smoothly with no technical
difficulties.
Length of procedure
The first case took 125 minutes to complete and the
second, 75 minutes.
Stent design details
The fenestrated suprarenal aortic stent was designed
as a single component. It was comprised of a top
uncovered Gianturco stent3 sutured to a 4-cm length
of Dacron in which two stainless steel Z-stents wereFig. 1. Shaded digital display of aorta and its branches.
stitched to the luminal surface (Fig. 3). The top covered
Z-stent was fashioned with one shorter loop. This
shortened loop avoided covering the fenestration,
which was cut accurately into the Dacron to cor-
respond with the ostium of the right renal artery, i.e.
the target vessel. The fenestration was then marked
with four radiopaque beads. It could therefore be
accurately guided under image intensifier both in a
caudal/cephalic direction but also in respect to ro-
tation.
The Z-stents were stitched to the Dacron for secure
attachment. The stitches were omitted from a thin
column on the posterior aspect of the Dacron. This
allowed a loose fold of Dacron to be gathered and
held with a trigger-wire threaded through the material
(Fig. 4). This specific feature is essential, as it allows
the stent to remain incompletely expanded on release
from its covering PTFE delivery sheath. The trigger-
wire is co-axially placed within the deployment sys-
tem. This state of incomplete expansion allows not
Fig. 2. Spatial relations of aorta and its branches outlined with only cephalad and caudad movement of the stent, but
G.E. Navigator software. also rotation.
The top uncovered stent was compressed tightly
and securely held by a metal cap. Premature releaseinterrogated with Navigator software (‘‘virtual an-
gioscopy’’) from General Electric to determine spatial was prevented by a safety catch. The bottom end was
similarly attached to an olive-shaped lower-end cap.relations of the above-named vessels (Fig. 2). From a
Eur J Vasc Endovasc Surg Vol 18, November 1999
A Fenestrated Covered Suprarenal Aortic Stent 447
Fig. 4. Trigger-wire in situ to keep fluid in stent until released.
stage to confirm the site of the renal and visceral
vessels. A thin radiopaque wire marker was placed
beneath each dog to mark the level of the right renal
Fig. 3. Fenestrated covered suprarenal aortic stent. artery. This also prevented errors due to parallax when
the image intensifier was moved.
The stent in the delivery sheath was advanced underThe olive tip facilitated the removal of the delivery image-intensifier control up into the aorta via thedevice, as it is advanced to meet the top cap after femoral vessel over a guidewire. At the level of thethe stent was deployed. The smooth shape prevents right renal artery the PTFE sheath was withdrawn.snagging on the internally placed Z-stents when with- The stent was thus released but incompletely ex-drawing the top cap. The stent was then loaded into panded, held posteriorly by the still intact trigger-a 12-F delivery sheath. wire. The beads around the fenestration were visible,
and were used to ensure that vertical and rotational
alignment was achieved between the fenestration and
the ostium of the vessel.Deployment
Contralateral femoral artery access was then used
to pass an angiography catheter up through the aortaThe dogs were given a general anaesthetic and po-
sitioned supine. Vascular access was achieved via a and into the covered incompletely expanded stent
from its inferior aspect. The catheter was guided outsmall incision in the right groin with slinging of the
femoral artery. Angiography was undertaken at this through the fenestration into the right renal artery and
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Fig. 6. Post full deployment CT angiogram shows right renal artery
and nephrogram.
which confirmed flow in the visceral and target renal
vessel. A spiral CT contrast angiogram was also ob-
tained six hours after the completion of the procedure.
It too confirmed visceral blood flow and, in particular,
preservation of flow to the target vessel (Fig. 6). There
was no evidence of an endoleak.
A postmortem examination was carried out with
careful dissection and excision of the relevant segment
of aorta. This segment was opened posteriorly to
display the covered stent within the aorta. In both
cases the target right renal vessel was completely
patent with a ring of the radiopaque markers around
the ostium (Fig. 7). The covered element of the stent
had been placed just below the ostia of the cephalic
Fig. 5. Catheter placed in right renal artery through the fenestration. mesenteric, preserving flow to both it and the coeliac
plexus as planned.
confirmed with angiography (Fig. 5). The placement
of the catheter in the right renal artery effectively
anchored the stent in the correct position. At this
Discussion
One aim of endoluminal grafting is to treat aneurysmspoint the trigger-wire was withdrawn and as the stent
expanded the fenestration was railroaded up against at any site by a percutaneous technique.4 The successful
deployment of a covered stent within the aorta, pre-the ostium of the renal vessel. This effect occurred due
to the unfurling of the Dacron fold posteriorly. The serving a target vessel, may be important in the further
development of endovascular surgery. Park et al.5 havestent expanded to its full potential and was held
against the artic wall with a radial force. deployed an aortic graft with a fenestration. However,
the method described in our paper allows very ac-The Gianturco stent was released by cephalad dis-
placement of the top cap along the guidewire. The curate measurement of the ostial size and its exit angle
from the aorta. This negates the need to oversizestent at this stage was completely deployed. The olive-
shaped bottom cap was advanced to dock with the the fenestration and should reduce the chances of
developing an endoleak. By reducing the ostial size,top cap to facilitate easy withdrawal of the delivery
system. The catheter which had been introduced from inadvertent occlusion of the target vessel is increased.
However, this is balanced by two factors: (1) thisthe left groin was used for completion angiograms,
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safely. This development will go hand in hand with
the newest imaging techniques such as ‘‘virtual an-
gioscopy’’. The deployment of covered fenestrated
stents will also benefit from superior intraoperative
imaging and deployment devices. A balloon-ex-
pandable stent, projecting slightly, could also be used
to ‘‘rivet’’ the fenestration while the guidewire was
still in the target vessel, should this become necessary.
Conclusion
It is possible to customise a covered fenestrated stent
and deploy it accurately within the aorta in order to
preserve a target vessel.
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